Simvastatin increases fibrinolytic activity in human peritoneal mesothelial cells independent of cholesterol lowering.
The continuous physical and chemical irritation of the peritoneum in peritoneal dialysis patients can result in a nonbacterial serositis with increased fibrin deposition, thus promoting peritoneal fibrosis and adhesion development. By expressing the fibrinolytic enzyme tissue-type plasminogen activator (t-PA) and its specific inhibitor, plasminogen activator inhibitor-1 (PAI-1), human peritoneal mesothelial cells (HMC) play an important role in regulating peritoneal fibrinolysis. Cultured HMC were used to examine the effect of a 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor, simvastatin, on the expression of t-PA and PAI-1. Antigen concentrations in the cell supernatants were measured by ELISA and Northern blot analysis was conducted for mRNA expression. Simvastatin time- and concentration-dependently increased t-PA and decreased PAI-1 synthesis, reaching maximal effects after 48 hours, when simvastatin (1 micromol/L) increased t-PA levels 5.1 +/- 0.1-fold and suppressed PAI-1 levels 2.6 +/- 0.2-fold. This was accompanied by a twofold increase in mesothelial cell-associated t-PA activity. Qualitatively similar results were obtained in cultured human endothelial cells, but the effects were less pronounced and required higher simvastatin concentrations. Northern blot analysis revealed that the action of simvastatin on t-PA and PAI-1 expression in HMC can be explained by parallel changes in t-PA and PAI-1 mRNA. The effects of simvastatin were prevented in the presence of mevalonate and geranylgeraniol, suggesting that the effect of simvastatin on t-PA and PAI-1 synthesis is mediated through geranylgeranyl-modified intermediates. Experiments using specific inhibitors of geranylgeranylated Rho GTPases excluded a role of members of this family of small GTP-binding proteins in simvastatin action in HMC. The effects of simvastatin on t-PA and PAI-1 expression as well as on cell shape were completely mimicked by cytochalasin D, a disrupter of cellular actin filaments, but not by colchicine, a disrupter of microtubules. In conclusion, the cholesterol-lowering drug simvastatin is an effective stimulator of local peritoneal fibrinolytic activity, as it increases t-PA and decreases PAI-1 production in mesothelial cells by a mechanism involving geranylgeranyl-modified intermediates and actin skeleton perturbation. These results provide a new rationale to prevent peritoneal fibrin deposition and adhesion development in peritoneal dialysis patients.